Three Leg 84 sites provided a good record of explosive volcanism onshore (in Central America). Ash layers and many ashy pods are interbedded in Recent to Oligocene strata. Evidence of the main periods of activity was noted in Recent to upper Pleistocene, Pliocene-Pleistocene, lower Pliocene to upper Miocene, lower Miocene, and upper Oligocene. Noticeable traces of older volcanism were found in upper Eocene strata.
INTRODUCTION
During Leg 84 the landward slope of the Middle America Trench off Guatemala was drilled ( Fig. 1) . At the sites where basement was penetrated, it was found to consist of ophiolitic rock covered by sediments of the early Eocene (Sites 569, 570), the late Oligocene-early Miocene overlying Late Cretaceous (567), and the late Miocene (566, 568) . The sites are distributed along a traverse roughly perpendicular to the margin (Fig. 2 ) and provide the opportunity to establish a chronology of airborne volcanic ashes interbedded within the sediments. The data of both Leg 66 north of Tehuantepec Ridge and of Leg 67 off Guatemala gave good records of explosive volcanism onshore because of the location of the sites close to volcanic sources and because of the direction of prevailing winds and marine currents.
ASH AT LEG 84 SITES Drilling was done at five sites, but Site 567, at the base of the slope, and Site 566, 22 km upslope from the axis of the Trench (Fig. 2) , were devoid of significant ash layers. At three sites good stratigraphic samples were recovered.
Site 569
Site 569 is located at a depth of 2770 m (27 km from the Trench axis and 125 km south of the coast of Guatemala). Ash layers are present in Pleistocene to upper Oligocene strata (Fig. 3) . They are more numerous in the Pleistocene, where 17 thin (2 cm average) and fine-grained von Huene, R., Aubouin, J., et al., Init. Repts. DSDP, 84 (fine silt generally) ash layers and many ash pods are interbedded in mud, and in the lower Miocene, where 29 ash beds can be counted. Colors range from very light gray to white (N8, N9) (in this case beds are rich in volcanic glass, 60-80%), to light gray olive (10Y 4/2), and olive-black (5Y 2/1) with marked amounts of quartz, alkaline feldspar, Plagioclase, pyroxene, and amphibole. Upper Oligocene ashes are pale reddish purple (5NP 6/ 2) in Core 569A-2 and medium gray (N4) in Core 569A-7; these ashes are more clay-rich (Fig. 4) . The oldest hemipelagic sediments of the Eocene (Core 569A-9) contain some traces of volcanic activities-fragments of glass, quartz, and feldspar disseminated in bioturbated mudstone; but no ash layers were recorded because of poor core recovery.
Site 568
Site 568 is located at a depth of 2031 m on the upper slope, about 45 km from the Trench axis. Recent to upper Pleistocene muds contain 17 distinct thin layers of ash, as at Site 569, and numerous ashy mottles and pumice clasts; these occur mainly in the upper part of the section. Colors vary from light gray (N7) to medium bluish gray (5B 5/1) and olive black (5Y 2/1) to pale olive (10Y 4/2). Grain size ranges from very fine silt (most commonly) to silt.
Upper Miocene to lower Miocene-upper Oligocene mudstones, above Core 568-41, contain numerous (30) ash layers as well as numerous ashy mottles and pumice clasts, mainly in middle Miocene strata. Some beds are rich (5-7%) in biotite, for example, Samples 568-7-1, 139-141 cm or 568-29-1, 59-61 cm. Glass percentage decreases downsection (25-35% in Oligocene) because of alteration.
Site 570
Site 570 is located on the edge of a small bench in the upper slope, 40 km north of the Trench axis. Ash layers
igure 1. Geological setting of Legs 84, 66, and 67. Eastern Cocos Plate boundary after Lonsdale and Klitgord (1978) .
occur mainly in Pleistocene mud (10 counted). They vary in color from very light gray (N8) (the richest in volcanic glass, up to 90%) to moderate olive brown (5Y 4/4) and olive gray (5Y 3/2). Thickness of ash layers is slightly greater, reflecting the site's proximity to land, and graded beds containing quartz and feldspars in amounts up to 20% occur. In upper Miocene sediment, ash beds are scarce (3 counted); they are medium light gray (N6) and fine-grained.
GEOCHEMISTRY METHOD Nineteen ash layers were sampled at Sites 569, 568, and 570 from the Trench upper slope to the foot of the continental talus. Their age ranges from late Oligocene to Recent. Figure 5 gives the distribution of analyzed samples. Fifty-six specimens of glass shards were analyzed using a JEOL EPMA (JCXA 733) electron-probe microanalyzer at the Ocean Research Institute, Tokyo University. The analyses were performed using a 15-kV accelerating voltage, and 20-/xm average defocused beam diameter, 10-s count time, with the elements ordered as follows: Na, K, Si, Fe, Mg, Al, Ti, Mn, Ca, Ni, and Cr.
Chemical Composition of Glass Shards
SiO 2 contents range from 58.14 to 73.30% (Table 1) ; most samples have acidic compositions. The analyses total between 91 to 95%. This important deficit is a wellknown problem in ash analysis. As the selected samples are devoid of apparent alteration, this deficit could be accounted for by hydration of glass and analytical error. Because the iron content is very low, oxidation of iron cannot be responsible for the low totals. It is difficult to analyze glasses with a microprobe owing to the volatility of elements such as Na and K in this kind of material. However, a significant drift only appears after a count time exceeding 30 s. In order to avoid this problem, the most volatile elements were analyzed first with short . Alk/calc = alkaline/subalkaline lavas boundary (Irvine and Baragar, 1971) . Calc-alk/ thol = calc-alkaline/tholeiitic lavas boundary (Kuno, 1968) . Petrographic identifications are Bs = basalt; An-B = basalt andesite; An = andesite; De = dacite; Rd = rhyodacite; Rh = rhyolite. SiO 2 typological boundaries are defined by Pecerillo and Taylor (1976) and are slightly modified for Rd, as in Cadet et al., 1982. count times and a defocused beam. In agreement with several authors (cf., Cadet et al., 1981 and 1982) , we suggest that hydration explains the greatest part of the analytical deficit. Because the deficit is independent of sample age, the hydration must have occurred at the time of deposition. Analysis of row data and data corrected by recalculating to 100%, like a water-free analysis, have been plotted on the same SiO 2 /alkaline diagram (not shown). It appears that the corresponding points in the two groups are linked by parallel segments with very few exceptions. Even the proportion of the analyzed elements like the alkaline elements which are the most sensitive to alteration, is not perceptibly modified by the hydration (analytical deficit). In the following discussion, we use the row data from the 56 analyses.
Magmatic Characterization
Analyses are distributed in chronostratigraphic groups corresponding to the following main periods of volcanic activity: 1 = Recent, 2 = upper Pleistocene, 3 = lower Pleistocene-upper Pliocene, 4 = lower Pliocene, 5 = middle Miocene, 6 = lower Miocene, and 7 = upper Oligocene.
On the SiO 2 -total alkaline diagram (Fig. 5) , points appear scattered within the calc-alkalkine field, near the boundary of the tholeiitic field. According to the nomen- clature of calc-alkaline lavas on SiO 2 /K 2 O diagrams (Fig. 6) , we recorded 2 andesitic, 28 dacitic, 29 rhyodacitic, and 7 rhyolitic compositions. As these data come from the same sampling and the same analysis series, their diversity reflects differences in volcanic source. Positive correlation of alkalis with SiO 2 is generally linked to magmatic differentiation in calc-alkaline trends; the scatter perpendicular to this direction, following a negative correlation, is larger than the sampling variation (glass heterogeneity) and analytical drift. This spread shows the existence of several magmatic trends with different alkalinity, as in Legs 66 and 67 (Cadet et al., 1981 and 1982) . Because potassium is classically the element used in the distinction of calc-alkaline lines, we separated the data into three groups-A, B, and C-on the SiO 2 /K 2 O diagram (Fig. 6) , following limits parallel to differentation trends in order to detect a possible evolution. To test this empiric subdivision, we performed a discriminant calculation-using MAHAL 3 (a computer program of Romeder, 1973) , considering all the elements of the chemical analyses of the three groups; the calculation confirms the good sorting of over 80% of the samples in these groups. The first discriminant function includes as first significant variable K 2 O, then CaO, Na 2 O, and A1 2 O 3 ; the subdivision of groups is a distinction between calc-alkaline series. The first sorting using K 2 O and SiO 2 in raw data (Fig. 6) can be considered satisfactory.
Chronological Evolution
The distinction of the products of more or less potassic lines or series eliminates the effect of differentiation and allows the chronological evolution of ash compositions to be plotted on a simple diagram: time/K 2 O (Fig.  7) . In this diagram, the K 2 O content is considered as a parameter including SiO 2 (superposition of the groups).
In the Oligocene, dacites with a low potassic content appear. All three series appear in the lower Miocene as dacites and rhyodacites. They are found again in middle Miocene with highly potassic rhyolites. A single C-type, upper Miocene dacite sample has been analyzed. For the lower Pliocene, the sampling is limited to highly potassic andesites and dacites. The Pliocene-Pleistocene displays dacites, rhyodacites, and rhyolites from the three groups. Only low-potassic rhyodacites and rhyolites of group A have been analyzed for upper Pleistocene strata, but the other types do exist (cf., Leg 67, Cadet et al., 1982) . Recent ash layers include moderately potassic an- upper Oligocene desitic to rhyolitic glasses and a few highly potassic dacites.
A preliminary history of explosive volcanism of Central America since the Oligocene can be established in spite of insufficient sampling, taking into account the recording and the repartition of ash layers (i.e., loss of ash layers through alteration or erosional hiatuses). On the basis of two analyses, the first low potassic pulse appeared during the late Oligocene. A highly diversified magmatism developed during the early Miocene. This diversity remained in successive phases of activity: during the early Pliocene (preponderance of the highly potassic type), Pliocene-Pleistocene, and late Pleistocene. Only the moderate and high potassic series are represented in Recent sediments.
Comparison with Leg 67
Leg 67 includes 86 analyses of glasses sampled at four sites on the oceanic plates and the Trench lower slope (Cadet et al., 1982) . The samples were analyzed using the BRGM-CNRS Camebax electron-probe microanalyzer in Orleans (France). Two sites, 496 and 497, were very close to Leg 84 at Sites 568 and 569; thus comparisons can be made on the same ash layers.
A shift in Leg 84 data, reflecting analytical conditions, was observed, with compositions systematically more alkaline and less siliceous (roughly +0.5 K 2 O and -2 SiO 2 ) than those obtained for Leg 67 materials. Consequently, there is a displacement of AB and BC limits on the SiO 2 /K 2 O diagram used in the Leg 67 chapter (Cadet et al., 1982) . However, taking into account this analytical shift, data from the two legs can be combined.
Upper Oligocene strata was not reached in Leg 67. Lower Miocene A-group glasses (low potassium content)
found at Site 496 have the same composition as those at Site 568. B and C products are located at Site 569 but, as it seems, in a higher stratigraphic level of the lower Miocene. All compositions of the middle Miocene appear at the same Site 496. These data tend toward a diversification of lines from the beginning of the Miocene to the middle Miocene, a period of intense activity. Later, the existence of all these series in Leg 84 is supported by Leg 67 samples: line A at lower Pliocene at Site 497, line C at the Pliocene-Pleistocene at the same site, line C equally (abundant) at upper Pleistocene at Site 496. Conversely, line A, limited to Pliocene-Pleistocene on Leg 67, reaches up to upper Pleistocene at Site 568.
Comparison with On-Land Volcanism
The deep-sea volcanic glasses studied here were originally explosive shards carried by winds from on-land volcanoes. In the area in question, the predominant winds are westerlies, as the El Chichon eruption clearly demonstrates (Robock and Matson, 1983) . Thus in the north equatorial zone, the eastern Pacific mainly receives ashes from Guatemala, El Salvador, Costarica, and possibly southern Mexico. The eolian Central American origin of equatorial Pacific recent submarine ashes was geochemically verified by Boyles et al (1973) . The silty size of shards and the presence of micropumice can correspond to eolian transportation exceeding distances of 100 km (Carey and Sigurdsson, 1980) . There are no palagonitized glasses and no trace of submarine volcanism in the drilling area. Hot spots in the region are located farther southwest on Cocos Ridge (Lonsdale and Klitgord, 1978) .
Comparison with on-land volcanism is limited by the scarcity of analyses of terrestrial glasses relative to analyses of lavas. Glassy materials are often, but not always, richer in alkalis than corresponding whole rocks. As a rule, rhyolitic glasses correspond to dacitic lavas, dacitic glasses to andesitic lavas, and so on.
On an AFM diagram (Fig. 8) , glasses from Legs 67 and 84 are distributed in the "T sector" are of middle America Tertiary and Quaternary lavas of Woodruff et al. (1979) . Intermediate to basic compositions are located in the FeO-rich part where analyses of on-land glasses and vitreous inclusions plot "G sector"; see Cadet et al., 1982) .
SiO 2 /(Na 2 O + K 2 O) and SiO 2 /K 2 O diagrams (Figs. 5 and 6) also show a selection of rhyolitic ash analyses from Guatemala and Columbia-Equador (Drexler et al., 1980) together with lava and glass compositions of Guatemala dacites and dacitic andesites (Rose, 1972a and b; Rose et al., 1978 and Bardintzeff et al., 1980) . Acidic on-land samples are mainly located in moderately alkaline and potassic composition zones (groups B and C). Santiaguito dacitic glasses appear to have a low potassic content, but if statistical analyses takes into account all elements, these glasses are closer to the C group (Cadet et al., 1982) . Basic lavas also have a low potassic content, but their glassy parts correspond to the C group.
In comparison, Columbia-Equador lavas have a higher potassic content than have Central America lavas, and so have South American volcanic materials, which clearly show a more calc-alkaline composition. However, some Columbia-Equador submarine glass samples of Leg 70, Galapagos (Schmincke, 1983) , show a moderate alkalinity.
Tentative correlation of Recent deep-sea ash layers with Central American explosive deposits has been made using trace element data (INAA) on whole rock samples (Rose et al., 1982) or using principal component analysis with major elements composition (Cadet et al., 1982) : Pinos Altos and Los Chocoyos Quaternary tephra units of Guatemala correlate with Site 496 ash layers. Whole rock sample trace element correlation seems to be accurate. Major elements submarine glass chemistry may indicate an analytical analogy with on-land tephra, but the number of analyses is too low for a good statistical correlation. ca (Bellon and Tournon, 1978) . Up to now this is the oldest known calc-alkaline volcanism in Central America, but its geodynamic meaning is not yet clear. 2. Magmatic evolution. At first, the magmatism seems to have a low-K 2 O character according to a few preliminary analyses; from the beginning of early Miocene, it diversifies into calc-alkaline potassic-differentiated lavas. If the hypothesis of a relationship between K 2 O content of primary magma and the dip of the Benioff zone (thus of depth of magma genesis) is followed (e.g., Keith, 1982) , we can infer a correspondence of high subduction activity with the different periods of volcanism mainly during early-middle Miocene and late PliocenePleistocene. However, because the analyzed samples are acid glasses, it may be emphasized that the differentiated lavas maintained the more or less potassic character of their different lines following crystal fractionation conditions. At present, the volcanism has a medium to high potassic content. Indeed, the dip of the subduction plate (according to Molnar and Sykes, 1969 ) is steeper off Guatemala than it is to the northeast (South Mexico) and southeast (Panama). But the K 2 O content -Benioff dip relationship is still questioned; Carr et al. (1979) note that there is no correlation between K 2 O content and the depth of seismic focus in Central America. However, this observation only concerns recent lavas and does not take into account an evolution in time.
